ABSTRACT The reproducibility of pulmonary function tests in the laboratory and in a mobile field survey vehicle has been studied. Groups of laboratory workers were studied at base and a random sample of 38 coalminers was examined in the mobile laboratory. The intra-subject variability of some newer tests of lung function, including closing volume and maximum flow at low lung volumes, has been compared with that of well-established tests, such as lung volumes and forced expiratory volume from two measurements made more than one day apart. Most measurements were slightly less reproducible in the study of coalminers than in the laboratory personnel. Conventional tests, such as forced expiratory volume in one second, lung volumes, single breath CO transfer factor, and exercise ventilation were very reproducible, the coefficients of variation (cov) being generally between 50% and 100%. The closing volume test, maximum expiratory flow at low lung volumes, and the single breath N2 index were less reproducible: cov between 15 % and 39 % in the miners. The forced expired time and volume of isoflow, measured only on laboratory workers, however, exhibited greater reproducibility than previously reported (cov = 10% and 15% respectively). It is suggested that, when assessing the repeatability of lung function tests, account should be taken of the circumstances in which the intra-subject variability was measured.
Research programme, have recently been extended to include tests considered to reflect changes in the function of small airways as a means of clarifying the known relationship' between functional changes and occupational dust exposure in coalminers.
The present investigation reports the withinsubject variability of the main tests of lung function performed in these surveys. The reproducibility of conventional and newer tests of lung function conducted on subjects under typical laboratory conditions and on naive industrial workers under field conditions has been invcstigated. Inspiratory and expiratory flows were controlled by in-line resistances, designed to keep airflow below about 0 5 1/min. At these low flow rates differences in response-times of the N2 meter and spirometer, if present, would not cause any significant distortion of the tracings. Any expirations that were clearly too rapid were rejected by the technician conducting the test.
The point of inflection was estimated according to the criteria suggested by the US National Heart and Lung Institute.9 Two observers read the traces independently. There were no consistent differences in the means and coefficients of variation determined by the observers but the values of only one observer (KS) are included in this analysis, since his readings were marginally more consistent.
VENTILATORY RESPONSE TO EXERCISE
The ventilatory response to exercise was measured by having the subjects pedal an electrically braked constant-load bicycle ergometer (Elema-Schonander, Stockholm) at successive five-minute loads of 50, 75, 100, and 125 watts at 60 revolutions a minute. The subject inspired a gas mixture of 0 05 % carbon monoxide in air and the inspiratory minute volume V1, was measured on a Parkinson-Cowan dry gas meter. Expired air was collected during the fourth and fifth minutes of each exercise period for analysis of FEo2 and FEco, from which nO2 (02 consumption in mmol/min) and steady state transfer factor, TLCOSS, were respctively derived. The latter was calculated by method 1 (assumed dead space) of Bates et al'0 Anatomical dead space (ml) was estimated from the sum of the subject's age in years and weight in pounds and added to the instrumental dead space (70 ml). Back-pressure of CO in the blood was determined before and after each workload by the subject rebreathing from a bag for six breaths.
The reproducibility of the tests was assessed by considering the variability within subjects not attributable to possible systematic differences between visits. It is assumed that the within-subject variability is the same for all subjects, and it was estimated by calculating the standard deviation of the between-visit differences recorded for each subject. Expressed as a coefficient of variation, this standard deviation provides a dimensionless (inverse) measure of reproducibility, after the removal of systematic between-visit effects.
Results
Reproducibility of each lung function test between visits is shown in tables 2-4. Coefficients of variation for static lung volumes and TLCOSB (table 2) are generally less than 10%, except for RV and FRC in the field study.
Measurements of forced expiratory volumes and maximum expiratory airflow (Vmax) differed in their reproducibility (table 3) . FEV1 and FVC were more reproducible than Vmax50 and Vmax2s in both groups and Vmax was considerably less reproducible in the miners. FET and V isoV measurements were not available fiom the field Love, Attfield, and Isles The recent reintroduction of FET as a screening test of lung function prompted us to examine its repeatability. Its usefulness has been questioned because of a high degree of variability within subjects: coefficients of 13 %16 and 21-26%18 have been reported. Our results were more reproducible than these, possibly because of different methods of measurement. Previous workers have measured FET from a volume/time spirometric trace or by using the stop-watch/stethoscope method. Our method, which relies on a timing system de-activated by a threshold flow device, tends by its nature and in practice to give rise to rather longer expiratory times than published values even in normal subjects (typically 4-6 seconds). These were repeatable in a given subject however, although some of the longer times found in older men may have been related to lack of motivation as much as to abnormalities in airways.
On the other hand, the volume of isoflow (V isoV) is in principle likely to be more difficult to replicate successfully on different occasions in the same subject. Estimation of the isoflow point on the flowvolume curve may be influenced by test to test differences in (1) inspiratory VC; (2) expiratory VC; (3) level of maximum expiratory flow on air or He/02 curves; (4) subjective assessment by the observer of the point of isoflow, which may in turn depend on the technique used for recording and the physical size of the recording scale; and (5) The finding that most measurements were generally less reproducible in the field study of coalminers is not unexpected in view of the subjects' lack of familiarity with the apparatus and the operators. Caution should therefore be exercised in applying levels of reproducibility which have been derived from "trained" subjects in the laboratory to a group of the general population or to industrial workers. Although the more recently introduced tests, FET and V isoV, were not examined for their repeatability in the mobile laboratory, it is encouraging that these tests exhibited better reproducibility than was indicated by previous reports.
Detels et a124 also measured lung function in a laboratory by means of spirometry, single breath oxygen test, and body plethysmography. Measurements on their 94 adult subjects were repeated later in a pulmonary function laboratory. They reached broadly similar conclusions regarding the repeatability of these tests.
The conventional index of reproducibility discussed above (cov) is convenient for comparing different tests because it is dimensionless. It is not to be regarded, however, as the sole criterion when considering tests for possiblL use in epidemiological surveys. The ability of a test to discriminate between groups is a function not only of its reproducibility in indiviouals but also of the scatter within groups and of the numbers of individuals in each group. If costs allow the numbers examined may be increased at will. However, the specificity of a test to the physiological feature of interest is equally important. Whether or not a "specific test of small airways function" with poor reproducibility is to be preferred to a non-specific but highly repeatable test such as FEV1 will be determined by their continued use in long-term follow-up studies of lung function in groups of closely monitored industrial workers.
